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1.  Background  and  Technical  Objectives 


In  2001,  Inoue  et  al.  announced  the  development  of  a  MgZniY2  alloy  with  a  yield  strength  over 
600  MPa  while  maintaining  a  ductility  of  5%  (1 ).  The  high  strength  of  the  alloy,  which  was 
prepared  by  extruding  spray  atomized  powders  at  300  °C,  was  attributed  to  a  fine  grain  size,  the 
fine  dispersion  of  Mg24Y5  particles,  and  the  presence  of  a  long  period  stacking  ordered  (LPSO) 
structure  consisting  of  a  solid  solution  of  yttrium  (Y)  and  zinc  (Zn)  atoms  arranged  in  alternating 
layers  of  Mg  and  an  intermetallic  phase.  For  the  MgZniY2  alloys,  the  LPSO  phase  has  been 
nominally  identified  as  Mg^ZnY  (2).  A  subsequent  study  has  indicated  that  dramatic  strength  of 
the  alloy  may  be  attributed,  in  part,  to  the  LPSO  phase  strongly  accelerating  the  refinement  of 
Mg  grains  during  extrusion  (3).  It  was  also  demonstrated  in  this  study  that  the  well  aligned  LPSO 
phase  in  the  extruded  alloy  acts  as  a  short-fiber  reinforcement  that  further  strengthens  the  alloy 
(3).  Finally,  a  study  on  the  MgZniRFS  alloy  (in  which  RE  =  rare-earth  element)  detennined  that 
the  best  RE  for  improving  overall  mechanical  properties  were  Y,  gadolinium  (Gd),  and  terbium 
(Tb)  ( 4 ).  However,  of  these,  only  Y  is  a  realistic  alloying  addition  due  to  economic 
considerations. 

As  could  be  expected,  the  announcement  of  this  alloy  resulted  in  numerous  research  efforts  that 
used  variations  on  the  Zn:Y  ratio  in  an  effort  to  identify  alloys  with  even  higher  strengths. 
Although  the  strengths  of  these  new  alloys  were  not  as  high  as  those  reported  by  Inoue,  the 
properties  were  still  noteworthy.  For  example,  a  MgZn2Y2  sheet  was  found  to  have  a  yield 
strength  of  3 19  MPa,  an  ultimate  tensile  strength  of  340  MPa,  and  an  1 1%  elongation  (5). 

Further  increasing  the  Y  and  Zn  content  by  an  additional  percent  (e.g.,  MgZn^Y-,)  resulted  in  an 
ultimate  tensile  strength  over  400  MPa  with  an  elongation  of  8%  (5).  In  an  effort  to  develop 
alloys  with  acceptable  corrosion  resistance,  additional  studies  have  demonstrated  that  the 
addition  of  Al  or  La  to  the  MgZn2Y2  alloy  results  in  the  fonnation  of  a  thin,  dense,  and  unifonn 
surface  layer  that  improves  the  corrosion  performance  of  the  alloy  (6-8). 

Due  to  their  light  weight  and  high-specific  properties,  Mg  alloys  are  of  interest  to  the  U.S.  Army 
for  a  broad  variety  of  structural  and  protection  related  applications  in  vehicle  platfonns  as  well  as 
personnel  equipment.  Although  a  majority  of  ongoing  efforts  at  the  U.S.  Army  Research 
Laboratory  (ARL)  focus  on  improving  mechanical  and  electrochemical  (corrosion)  perfonnance, 
new  Mg  alloys  are  routinely  evaluated  in  order  to  detennine  their  potential  for  use  in  the  Army 
systems  and/or  platforms.  As  a  result,  the  purpose  of  this  study  was  to  evaluate  the  mechanical 
and  electrochemical  perfonnance  of  a  MgZmY2  alloy  with  minor  Al  and  La  additions  to  other 
Mg  alloys  recently  evaluated  by  ARL. 
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2.  Material  Characterization 


Two  extruded  alloy  rods  were  received  from  Fuji  Light  Metal  Company  (Nagasu,  Japan)  through 
the  efforts  of  the  U.S.  Army  International  Technology  Center  Pacific  office.  For  ease  of 
discussion  and  to  ease  identification,  the  alloy  will  be  referred  to  as  the  Fuji  Light  alloy.  The 
samples  were  from  the  same  extrusion  and  had  a  diameter  of  22  mm  and  an  overall  length  of 
500  mm.  No  additional  details  regarding  the  processing  of  the  rods  were  provided.  The 
composition  and  tensile  properties  of  the  alloy  as  provided  by  the  manufacturer  are  listed  in 
table  1. 


Table  1.  Alloy  composition  and  strength  properties  provided  by  Fuji 
Light  Metals  Company. 


Mg 

Zn 

Y 

A1 

La 

Atomic  % 

Bal 

1.98 

1.99 

0.36 

0.10 

Weight  % 

Bal 

4.88 

6.67 

0.37 

0.52 

Yield  Stress 

Tensile  Strength 

Elongation 

353  MPa 

420  MPa 

5% 

Metallographic  samples  were  taken  from  the  end  of  the  rod  as  well  as  from  the  transverse 
(normal  to  extrusion)  direction.  The  samples  were  subjected  to  coarse  and  fine  grinding  followed 
by  subsequently  finer  polishing  steps  starting  at  3 -urn  diamond  suspension  and  finishing  with 
0.05-pm  colloidal  silica.  This  procedure  has  proven  successful  in  achieving  a  high-quality 
surface  in  a  variety  of  Mg  alloys  (9). 

Microstructural  characterization  was  conducted  with  a  Hitachi  S4700  scanning  electron 
microscope  (SEM)  and  the  FEI  Nova  NanoSEM  600  microscope.  SEM  micrographs  of  samples 
taken  from  the  end  of  the  rod  as  well  as  the  transverse  direction  are  shown  in  figure  1 .  The 
micrographs  reveal  a  complex  microstructure  with  a  high  volume  of  precipitates.  As  expected, 
micrographs  taken  in  the  transverse  direction  reveal  an  elongated  precipitate  structure  due  to  the 
extrusion  of  the  samples.  The  fibrous  (or  semicontinuous)  precipitates  are  the  LPSO  phase  that 
has  been  reported  in  these  alloy  systems  (5, 10,  11). 
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Figure  1.  Scanning  electron  micrographs  of  the  as-extruded  microstructure  in  the  Fuji  Light  alloy.  Images  in 
(a,  b)  are  along  the  longitudinal  direction,  while  those  in  (c,  d)  are  taken  in  transverse  direction. 

Energy  dispersive  spectroscopy  (EDS)  was  used  to  determine  the  approximate  elemental  content 
of  various  phases  in  the  microstructure.  Results  provided  in  figure  2  indicate  that  the  matrix 
(region  1)  is  primarily  Mg  with  a  small  amount  of  Y  and  Zn.  Region  2  in  the  micrograph  is  a 
region  of  the  LPSO  precipitate  found  in  these  alloys.  The  Y  and  Zn  content  in  the  precipitates 
appears  to  be  several  times  higher  than  that  of  the  matrix.  The  La  is  uniformly  distributed  in  the 
matrix  and  two  precipitates.  In  contrast,  the  A1  appears  to  be  found  primarily  in  the  bright  white 
precipitates.  More  detailed  analysis  is  needed  to  fully  determine  the  elemental  distribution  that 
occurs  in  these  alloys. 
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Region 

Mg 

Al 

La 

Zn 

Y 

1 

95.15 

0.09 

0.11 

2.06 

2.58 

2 

87.74 

0.00 

0.11 

4.82 

7.33 

3 

72.66 

7.04 

0.13 

8.44 

11.73 

Figure  2.  EDS  of  sample  taken  from  the  longitudinal  direction.  Region  1  is  the  matrix,  region  2  is  the  LPSO 
phase,  and  region  3  is  an  A1  containing  precipitate.  Amounts  are  given  in  atomic  percent. 


Phase  and  texture  analysis  of  the  as-extruded  sample  was  measured  on  a  PW3050/60  X’Pert 
PRO  PANalytical  MPD  x-ray  diffractometer  using  CuKa  (A,  =  0.1542  mn)  radiation.  The  scan 
was  conducted  from  20°  to  120°  with  a  0.052°  step  and  186  s  dwell.  Peak  analysis  of  the  x-ray 
diffraction  profile  (figure  3)  indicated  the  presence  of  a-Mg,  Mg3Zn3Y2,  A12Y3,  and 
A12Y3(A104)3  (compounds  listed  in  extent  of  appearance).  This  is  in  general  agreement  with  an 
earlier  report  that  found  that  MgZn2Y2  alloys  were  composed  of  an  a-Mg  phase,  an  Mg[2ZnY 
LPSO  phase,  and  the  Mg3Zn3Y2  compound  (2).  Following  the  pattern  (figure  3)  is  table  2  that 
details  the  compound(s)  associated  with  a  given  peak.  As  expected,  the  majority  of  peaks  are 
associated  with  pure  Mg.  A  representative  pole  figure  (shown  in  figure  4)  for  the  basal  (002) 
plane  clearly  indicates  a  highly  textured  structure  with  the  poles  for  the  basal  planes  aligned 
normal  to  the  extrusion  direction  (e.g.,  the  basal  planes  are  parallel  to  the  extrusion  direction). 
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Figure  3.  X-ray  diffraction  pattern  for  the  alloy. 


Table  2.  Compounds  corresponding  to  major  peaks  observed  in  x-ray  diffraction  pattern. 


2  Theta 

Matched  By 

2  Theta 

Matched  By 

22.3089 

Mg3Zn3Y2 

68.4777 

Mg;  A12Y3 

24.3777 

A12Y3 

69.8657 

Mg;  A12Y3(A104)3 

32.0590 

Mg;  A12Y3 

72.3498 

Mg;  A12Y3;  A12Y3(A104)3 

34.2687 

Mg 

77.7120 

Mg;  A12Y3;  A12Y3(A104)3 

36.4995 

Mg;  A12Y3 

78.8797 

Mg3Zn3Y2;  A12Y3;  A12Y3(A104)3 

36.9542 

Mg3Zn3Y2;  A12Y3;  A12Y3(A104)3 

81.4174 

Mg;  A12Y3(A104)3 

39.8987 

A12Y3(A104)3 

90.3253 

Mg;  Mg3Zn3Y2;  A12Y3 

43.6628 

Mg3Zn3Y2 

94.1478 

Mg;  A12Y3 

47.7131 

Mg;  A12Y3;  A12Y3(A104)3 

96.6882 

Mg;  A12Y3 

53.3643 

Mg3Y2Zn3;  A12Y3(A104)3 

99.0664 

Mg;  A12Y3 

57.2301 

Mg;  A12Y3 

104.1390 

Mg;  A12Y3 

62.9434 

Mg;  A12Y3(A104)3 

117.8176 

Mg 

66.7551 

Mg3Zn3Y2;  A12Y3;  A12Y3(A104)3 

— 

— 
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Figure  4.  The  (002)  pole  figure  for  extruded  rod.  Extrusion  direction  is  left 
to  right. 


3.  Mechanical  Testing 


Tensile  testing  was  performed  on  samples  taken  from  the  longitudinal  direction  of  the  extruded 
rods.  Total  sample  length  was  40  mm,  with  a  gage  section  of  12  mm  long,  2  mm  wide,  and 
0.8  mm  thick.  The  displacement  rate  was  0.1  mm/min  for  sample  1,  0.5  mm/min  for  sample  2, 
and  0.3  mm/min  for  samples  3,  4,  and  5.  Rate  dependence  was  not  observed  for  these  samples. 
Test  results  shown  in  figure  5  indicate  a  yield  strength  of  approximately  350  MPa  and  an 
ultimate  strength  of  approximately  400  MPa.  There  was  a  broad  distribution  in  the  total 
elongation  of  the  samples,  ranging  from  a  low  of  approximately  5%  to  a  high  of  15%.  In  general, 
these  values  are  in  good  agreement  with  those  provided  by  the  supplier  (see  table  1). 
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Figure  5.  Tensile  stress  strain  curves  obtained  from  multiple  samples  of  the  Fuji  Light 
alloy.  A  consistent  behavior  is  observed  across  multiple  strain  rates. 

Failure  surfaces  at  various  magnifications  and  directions  are  shown  in  figure  6.  In  general,  the 
micrographs  reveal  a  dimpled  fracture  surface  indicative  of  ductile  behavior,  although  there 
appears  to  be  a  small  region  of  brittle  cleavage  failure  (figure  6a).  A  closer  examination  of  the 
fracture  surface  (6b)  indicates  that  particle  fracture  also  occurred.  This  observation  is  confirmed 
by  the  micrograph  in  6e  in  which  a  fractured  particle  on  the  sample  surface  can  be  seen. 
Micrographs  in  figures  6c  and  d  were  taken  of  the  sample  surface  near  the  fracture  plane  and 
illustrate  how  the  LPSO  phase  (light  gray  phase)  can  act  as  short  fiber  reinforcements  (3). 

Indeed,  a  study  on  a  MgZniY2  alloy  demonstrated  that  the  LPSO  phase  was  the  primary  cause  of 
an  observed  orientation  dependence  in  the  yield  stress  (3). 
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Figure  6.  Micrographs  of  tensile  fracture  surfaces:  (a)  entire  fracture  surface,  showing  generally  ductile  failure, 
with  cleavage  failure  on  one  side;  (b)  higher  magnification  image  showing  failed  precipitates;  (c,  d) 
images  of  the  sample  surfaces  showing  how  LPSO  phase  can  act  as  short  fiber  reinforcements;  and  (e) 
image  of  sample  surface  showing  fractured  precipitate. 
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Room  temperature  compression  tests  were  performed  at  both  quasi-static  (strain  rate 
approximately  10  3  s_1)  and  dynamic  (strain  rate  approximately  103  s_1)  conditions.  Samples 
were  cut  from  the  two  extruded  rods  along  the  longitudinal  (flow)  and  transverse  directions  and 
labeled  accordingly.  Sample  dimensions  were  2.5  mm  x  2.5  mm  x  5.0  mm  (quasi-static)  and 
2.5  mm  x  2.5  mm  x  2.0  mm  (dynamic).  Quasi-static  tests  were  performed  on  a  MTS  810  hydro¬ 
servo  system  while  the  dynamic  tests  were  conducted  on  a  split  Hopkinson  pressure  bar  (Kolsky 
bar)  system.  For  all  tests,  grease  was  applied  to  both  loading  faces  of  the  samples  to  mitigate 
friction.  The  prescribed  quasi-static  strain  rates  were  achieved  by  controlling  the  speed  of  the 
cross-head  whereas  control  of  the  dynamic  strain  rates  was  realized  by  the  gas  pressure.  Three 
independent  tests  were  conducted  for  each  condition. 

Typically,  single  phase  Mg  alloys,  such  as  AZ3  IB,  display  a  large  degree  of  anisotropy  when 
tested  in  tension  and  compression.  In  the  majority  of  cases,  the  alloy  has  a  much  lower  yield 
stress  in  compression  compared  to  tensile  loading.  However,  the  ultimate  strength  is  oftentimes 
much  higher  in  compression.  This  directional  dependence  is  primarily  the  result  of  twinning  that 
occurs  during  loading  due  to  the  limited  slip  systems  available  at  room  temperature  in  the 
hexagonal  close-packed  crystal  structure.  In  the  case  of  extruded  samples,  twinning  can  occur 
when  a  compressive  load  is  applied  parallel  to  the  extrusion  direction  (12, 13). 

Comparison  of  the  quasi-static  results  (figures  5,  7)  indicates  similar  yield  strengths  in  tension 
and  compression  (approximately  400  MPa)  for  samples  tested  parallel  to  the  extrusion  direction. 
In  contrast,  the  yield  strength  of  AZ31B  is  approximately  100  MPa  in  compression.  The  effective 
increase  in  the  compressive  yield  strength  (relative  to  a  non-LPSO  containing  alloy)  has  been 
attributed  to  the  grain  refinement  that  occurs  during  extrusion  due  to  the  presence  of  the  LPSO 
phase  (14).  The  refined  grain  structure  served  to  hinder  the  formation  of  twins  in  the  matrix.  In 
addition,  as  discussed  earlier,  the  LPSO  also  serves  to  act  as  a  short-fiber  reinforcement  (3). 

In  general,  little  difference  was  observed  in  the  strength  levels  obtained  in  dynamic  testing 
(figure  8)  relative  to  those  observed  under  quasi-static  conditions.  In  contrast,  a  noticeable 
increase  in  total  strain  for  samples  tested  under  dynamic  conditions  was  observed. 
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Figure  7.  Quasi-static  true  stress-true  strain  curves  along  the  flow  and  transverse  directions.  Flow  direction  shows 
an  increasing  strain  hardening  behavior  after  yielding.  The  strength  is  much  lower  in  the  transverse 
direction  with  limited  strain  hardening. 
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True  Strain  True  Strain 


Figure  8.  Dynamic  true  stress-true  strain  curves  along  the  flow  and  transverse  directions.  The  dynamic  ultimate 
strength  in  both  directions  is  slightly  higher  than  that  at  quasi-static  rate. 


4.  Accelerated  Exposure  and  Electromechanical  Testing 


Corrosion  testing  was  perfonned  on  round  samples  approximately  3  mm  thick.  After  cutting,  the 
samples  were  polished  to  600  grit  finish  using  conventional  metallographic  methods.  The 
corrosion  performance  of  the  alloy  was  then  determined  using  the  neutral  salt  fog  testing  method 
in  accordance  with  ASTM  Standard  B1 17-Standard  Practice  For  Operating  Salt  Spray  (Fog) 
Apparatus  (75).  Testing  was  performed  at  a  temperature  of  95  °F  with  saturated  humidity  and  an 
atomized  fog  of  5%  NaCl  solution.  The  samples  were  observed  after  1,  2,  4,  8,  24,  72,  and  168  h. 
A  mass  loss  rate  of  61.2  ±  1 1.2  mils  per  year  (mpy)  was  calculated  from  the  B1 17  data.  The 
photographs  shown  in  figure  9  for  the  two  rods  indicate  that  noticeable  changes  in  surface 
appearance  occur  as  soon  as  24  h  after  the  beginning  of  the  test.  Continued  exposure  results  in 
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progressive  changes  in  surface  appearance  due  to  the  onset  of  corrosion.  A  comparison  of  the 
corrosion  performance  of  the  Fuji  Light  alloy  relative  to  other  recently  studied  Mg  alloys  is 
discussed  in  the  next  section. 


Figure  9.  Optical  photographs  detailing  changes  in  surface  appearance  after  the  indicated  number  of  hours 
for  the  Fuji  Light  samples  subjected  to  the  salt  fog  test  chamber. 

Accelerated  cyclic  corrosion  testing  was  performed  according  to  standard  GM9540P.  In  this 
method,  the  sample  is  exposed  to  an  18  stage  cycle  that  is  composed  of  the  following:  saltwater 
mist  of  0.9%  NaCl,  0.1%  CaC12,  0.25%  NaffCCL  solution;  high  humidity;  ambient  drying;  and 
heated  drying.  The  observation  intervals  for  these  samples  were  1,  2,  and  10  cycles.  As  part  of 
the  observation,  the  specimens  were  scanned  at  an  800-dpi  optical  resolution  after  any  loose 
corrosion  products  present  on  the  sample  surface  were  removed  via  rinsing  with  deionized  water. 
Examination  of  samples  after  10  cycles  revealed  a  general  darkening  of  the  sample,  but  no 
readily  observable  corrosion  events. 

Potentiodynamic  polarization  provides  a  reasonable  method  for  qualitatively  predicting  the 
propensity  of  an  alloy  to  suffer  localized  corrosion  in  the  form  of  pitting  and  crevice  corrosion.  A 
typical  experiment  ramps  the  potential  of  the  substrate  relative  to  a  reference  electrode,  such  as 
the  saturated  calomel  electrode  (SCE),  at  a  particular  rate  using  a  potentiostat.  Typically,  the 
starting  voltage  is  200-300  mV  below  the  open  circuit  potential  (OCP)  and  the  ending  voltage  is 
typically  above  the  OCP  by  >200  mV.  The  current  observed  in  this  polarization  experiment 
corresponds  to  the  rate  at  which  the  anodic  or  cathodic  reactions  are  occurring.  The 
potentiodynamic  polarization  measurement  provides  a  qualitative  representation  of  the  alloy  in  a 
given  solution  and  can  be  used  to  study  regions  of  passivity,  corrosion  rate,  and  corrosion 
behavior  in  a  variety  of  environments. 
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Figure  10  shows  the  potentiodynamic  polarization  curves  obtained  for  the  Fuji  Light  alloys 
tested  in  10-niM  NaCl  solution.  AZ31B,  a  relatively  common  Mg  alloy,  is  also  shown  for 
comparison.  Experimental  results  indicate  little  difference  between  the  corrosion  behavior  of  the 
two  alloy  systems.  The  corrosion  current  of  the  Fuji  Light  alloy  samples  is  higher  than  that  of 
AZ3  IB,  which  indicates  they  may  be  more  prone  to  corrosion  in  NaCl  solution. 


Figure  10.  Potentiodynamic  polarization  curves  obtained  from  two  Fuji  Light 
samples.  This  alloy  appears  to  be  more  prone  to  corrosion  than  the 
AZ31B  reference  sample. 


5.  Comparison  to  Other  Alloys 


Over  the  last  decade,  ARL  has  conducted  numerous  efforts  to  characterize  the  mechanical  and 
corrosion  performance  of  commercially  available  Mg-based  alloys.  Furthermore,  ARL  has 
partnered  with  academia  and  industry  to  develop  promising  new  alloys.  Comparison  of  previous 
results  with  the  present  data  would  prove  beneficial  in  detennining  the  potential  viability  of  this 
alloy  for  Army  applications. 

The  performance  of  the  Fuji  Light  alloy  relative  to  other  recently  evaluated  alloys  is  detailed  in 
table  3.  WE43  is  a  Y  and  RE  containing  alloy  developed  by  Magnesium  Elektron  (Manchester, 
England)  that  has  been  evaluated  in  plate  fonn  for  the  indicated  temper  condition.  AMX602  and 
ZAXE171 1  are  calcium  containing  alloys  that  are  produced  in  powder  form  using  the  spinning 
water  atomization  process  with  the  powders  then  extruded  in  rod  fonn.  Properties  shown  in  the 
table  are  for  samples  extruded  at  a  temperature  of  250  °C. 

Due  to  sample  size  limitations,  comparisons  of  alloy  performance  are  limited  to  the  extrusion 
direction.  Tensile  testing  of  the  Fuji  Light  alloy  indicated  that  it  had  a  yield  strength  of  350  MPa 
and  an  ultimate  strength  of  400  MPa  with  an  elongation  of  approximately  8%.  As  seen  in  the 
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following  table,  the  strength  properties  of  the  Fuji  Light  alloy  are  generally  superior  to  the 
indicated  alloys.  However,  the  total  elongation  of  the  referenced  alloys  is  superior  to  that 
measured  for  the  current  alloy. 

Table  3.  Mechanical  properties  of  a  selected  number  of  new  Mg 
alloys  recently  evaluated  at  ARL.  Test  results  obtained  in 
this  study  indicate  that  the  Fuji-Light  alloy  typically  has 
higher  strengths  but  a  lower  elongation. 


Alloy 

TYS 

(MPa) 

UTS 

(MPa) 

Elongation  (%) 

WE43-Fa 

— 

273 

20.5 

WE43-T5a 

— 

332 

10.5 

AMX602b 

311 

358 

17.8 

ZAXE1711b 

269 

380 

18.2 

“See  reference  16.  bSee  reference  17. 


Regarding  corrosion  resistance,  potentiodynamic  polarization  suggests  that  the  corrosion 
resistance  of  the  Fuji  Light  alloy  is  less  than  that  of  AZ3  IB.  Shown  in  the  following  figure  is  the 
corrosion  rate  in  mpy  obtained  using  accelerated  laboratory  test  methods  for  a  wide  range  of  Mg 
alloys  (18, 19).  For  the  Fuji  Light  alloy,  a  mass  loss  of  61.2  ±  1 1.2  mpy  was  calculated  from  the 
B1 17  Neutral  Salt  Fog  data  (15).  This  value  is  the  highest  of  any  alloys  shown  in  figure  11. 

More  importantly,  the  apparently  poor  corrosion  resistance  of  this  alloy  is  in  direct  contradiction 
to  claims  that  assert  the  minor  additions  of  A1  and/or  La  would  improve  its  corrosion  resistance 
(6-8).  However,  a  closer  examination  of  these  studies  indicates  that  the  Zn  content  is  typically  at 
1%  or  less.  Indeed,  one  report  indicated  the  minimum  corrosion  rate  occurred  for  a  Zn  content  of 
approximately  0.75% — and  that  the  corrosion  rate  began  to  increase  considerably  as  the  Zn 
content  increased  above  1  %  (6).  Higher  levels  of  Zn  have  also  been  reported  to  lead  to  an 
increased  susceptibility  to  stress  corrosion  cracking  (20).  Thus,  it  appears  that  the  higher  zinc 
content  of  this  alloy  actually  resulted  in  a  reduced  level  of  corrosion  performance. 

Before  concluding  that  the  Fuji  Light  alloy  has  poor  corrosion  performance,  it  is  important  to 
note  that  several  factors  may  have  influenced  the  present  mass  loss  results.  First,  unlike  the  other 
alloys  that  were  tested  using  square  samples,  the  Fuji  Light  alloy  had  to  be  tested  using 
cylindrical  samples  due  to  limited  material  availability.  This  is  an  important  consideration,  as  the 
calculated  mass  loss  rate  can  be  affected  by  both  geometry  and  testing  procedures.  Second,  the 
corrosion  products  were  not  removed  after  each  exposure  measurement.  As  a  result,  the  mass 
loss  rate  could  be  higher  than  currently  measured  due  to  the  exposure  of  the  fresh  surface,  which 
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could  react  at  a  faster  rate  than  the  covered  surface.  Thus,  although  it  appears  that  the  Fuji  Light 
alloy  experiences  a  higher  corrosion  rate  than  many  other  Mg  alloys,  further  testing  using  a 
standardized  specimen  size/shape  is  needed  before  a  definitive  conclusion  can  be  reached  in  this 
regard. 

10000.0 

o  Neutral  Salt  Fog 
■  GM  9540P 


2389  4 


Figure  11.  Corrosion  rate  in  mpy  for  a  range  of  Mg  alloys.  The  observed  value  for  Fuji  Light 
alloy  measured  in  Neutral  Salt  Fog  (e.g.,  blue  bar)  is  approximately  61,  which 
makes  it  better  than  only  Commercially  Pure  Mg  in  terms  of  corrosion  rate. 


6.  Conclusions 


This  report  has  detailed  the  evaluation  of  the  mechanical  and  electrochemical  properties  for  an 
A1  and  La  modified  MgZn2Y2  alloy  obtained  from  the  Fuji  Light  Metal  Company  (Japan).  This 
alloy  is  representative  of  the  continued  development  of  alloys  based  on  the  MgZniY2  alloy 
initially  reported  by  Inoue  (1 ).  The  tensile  properties  of  the  alloy  were  found  to  equal  or  exceed 
those  of  other  Mg  alloys  that  have  been  evaluated  recently  by  ARL  scientists.  However,  the 
initial  results  obtained  from  corrosion  testing  suggested  that  the  alloy  has  poor  corrosion 
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resistance.  While  the  latter  does  not  necessarily  eliminate  this  alloy  as  one  of  further  interest,  it  is 
a  concern  given  the  availability  of  Mg  alloys  with  similar  strengths  and  superior  corrosion 
perfonnance. 
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List  of  Symbols,  Abbreviations,  and  Acronyms 


ARL 

U.S.  Army  Research  Laboratory 

EDS 

energy  dispersive  spectroscopy 

Gd 

gadolinium 

LPSO 

long  period  stacking  ordered 

mpy 

mils  per  year 

OCP 

open  circuit  potential 

SCE 

saturated  calomel  electrode 

SEM 

scanning  electron  microscope 

Tb 

terbium 

Y 

yttrium 

Zn 

zinc 
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